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Abstract
Relational bullying and victimization are common social experiences during adolescence, but relatively little functional
magnetic resonance imaging (fMRI) research has examined the neural correlates of bullying and victimization in
adolescents. The aim of the present study was to address this gap by examining the association between amygdala activity
to angry and fearful faces and peer relational bullying and victimization in a community-based sample of adolescents.
Participants included 49 adolescents, 12–15 years old, who underwent fMRI scanning while completing an emotional face
matching task. Results indicated that interactions between amygdala activity to angry and fearful faces predicted
self-reported relational bullying and victimization. Specifically, a combination of higher amygdala activity to angry faces
and lower amygdala activity to fearful faces predicted more bullying behavior, whereas a combination of lower amygdala
activity to angry faces and lower amygdala activity to fearful faces predicted less relational victimization. Exploratory
whole-brain analyses also suggested that increased rostral anterior cingulate cortex activity to fearful faces was associated
with less bullying. These results suggest that relational bullying and victimization are related to different patterns of neural
activity to angry and fearful faces, which may help in understanding how patterns of social information processing predict
these experiences.
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Introduction
Peer bullying and victimization are relatively common social
experiences for adolescents. Current estimates suggest that the
prevalence of being a bully or a victim of bullying in adolescence
is between 25% and 50% (Wang et al., 2009; Schneider et al., 2012;
Modecki et al., 2014). Additionally, many adolescents are both
bullies and victims of bullying, often referred to as bully-victims
(Wang et al., 2009). Being either a victim of bullying or a bully (or
both) is associated with a number of negative consequences for
mental health andwell-being, including increased psychological
distress, depression and anxiety, as well as decreased school
engagement and academic achievement (Hawker and Boulton,
2000; Sweeting et al., 2006; Klomek et al., 2007; Schneider et al.,
2012). This highlights an important need to understand the
predictors of bullying and victimization in order to identify ways
to reduce these experiences for adolescents. In particular, under-
standing the neural correlates of bullying and victimization dur-
ing adolescence will increase our understanding of how these
social processes develop and would yield insight into potential
avenues for intervention.
Predictors of bullying in adolescence
Few functional magnetic resonance imaging (fMRI) studies have
examined the neural correlates of bullying behavior specifically,
but fMRI research has examined the neural correlates of broad
1028 Social Cognitive and Affective Neuroscience, 2019, Vol. 14, No. 10
antisocial behavior measures, many of which include items on
bullying or aggressive behavior. In these studies, a common
predictor of antisocial behavior in adolescents is amygdala activ-
ity to threatening (angry or fearful) faces (Marsh et al., 2008;
Jones et al., 2009; Viding et al., 2012a; Hyde et al., 2013; Blair et al.,
2014; Hyde et al., 2016; Dotterer et al., 2017). Research frame-
works suggest that amygdala activity to angry faces and to
fearful faces predicts different aspects or subtypes of antisocial
behavior (Viding et al., 2012a; Hyde et al., 2013; Blair et al., 2014;
Dotterer et al., 2017). Specifically, higher amygdala activity to
angry faces with directed eye gaze has been associated with
increased antisocial behavior in adolescents and is thought to
relate to increased forms of reactive aggression in which antiso-
cial behavior is in response to a perceived interpersonal threat
(Dotterer et al., 2017). In contrast, decreased amygdala activity
to fearful faces is associated with callous–unemotional traits
(e.g. lack of guilt) in children and adolescents (Marsh et al., 2008;
Jones et al., 2009; Viding et al., 2012b), which is thought to be
due to lower empathy and ability to process others’ fear or
distress (Viding et al., 2012a; Blair et al., 2014).Moreover, although
most research suggests that this pattern of amygdala activity is
unique to callous–unemotional traits, other research in young
adults has shown that higher antisocial behavior (not specific
to callous–unemotional traits) is correlated with lower amygdala
activity to fearful faces (Hyde et al., 2016).
These patterns of brain activity are thought to characterize
different pathways toward antisocial behavior (e.g. antisocial
behavior with vs without callous–unemotional traits), but it is
also possible that they may interact. For example, an adolescent
with increased amygdala activity to angry faces and decreased
amygdala activity to fearful faces may be at higher risk for
aggressive behavior than an adolescent displaying only one of
these patterns of activity, although to our knowledge this type
of interaction has not been tested previously. Moreover, most of
this previous research has examined antisocial behavior broadly
(which includes aggression but also includes other behaviors
such as rule-breaking and delinquency) and has focused on clin-
ical samples selected for very high levels of antisocial behavior.
Thus, there are gaps in our knowledge regarding how amyg-
dala activity relates to a dimensional measure of bullying in
a community-based sample of adolescents and whether the
two patterns of amygdala activity previously associated with
antisocial behavior (increased amygdala activity to angry faces
and decreased amygdala activity to fearful faces) may interact to
predict increased risk of bullying.
Although neuroimaging research on the neural correlates of
bullying, specifically, has been relatively limited, in behavioral
research, a wide range of factors at both the individual and
contextual level have been associated with bullying. At the indi-
vidual level, one of the most consistent predictors of bullying is
problems with social and emotional processing. For instance, a
meta-analysis of longitudinal predictors of bullying in adoles-
cence found that ‘social problems’ (defined as social immaturity
or having antisocial friends)was one of the stronger predictors of
bullying compared to other predictors examined such as conduct
problems and school problems (Kljakovic and Hunt, 2016). In
another meta-analysis that included both children and ado-
lescents and cross-sectional research, ‘other-related cognitions’
(defined as thoughts or feelings about others including empathy
and perspective taking) was one of the two strongest predic-
tors of bullying, in addition to externalizing behavior (Cook
et al., 2010). As expected, other-related cognitions predicted less
bullying, whereas externalizing behavior predicted more bul-
lying. A third meta-analysis also found that bullies evidence
decreased cognitive and affective empathy and increased cal-
lous–unemotional traits (Zych et al., 2019). Likewise, research on
social information processing biases has shown that adolescent
bullies exhibit a hostile attribution bias and expect more hos-
tile behavior from peers in ambiguous social situations (Crick
et al., 2002; Ziv et al., 2013; Wright, 2017). Moreover, emotion
dysregulation (a latent construct that included poor emotional
understanding, dysregulated expression of anger and sadness
and rumination), higher impulsivity and anger have also been
found to predict increased bullying (Herts et al., 2012; Wright,
2017; Espelage et al., 2018). In sum, behavioral research on the
psychological predictors of bullying has strongly pointed to prob-
lems with social and emotional processing as risk factors for
bullying, suggesting that neural activity to emotional faces may
be an important correlate to examine as well.
Predictors of victimization in adolescence
Of the fMRI studies that have examined the correlates of peer
victimization, the majority have examined the associations
between chronic peer victimization and neural activity in
response to social exclusion, risk-taking or reward processing.
This research has shown that in adolescents, peer victimization
is associated with enhanced sensitivity of regions that process
social pain during social exclusion tasks (Rudolph et al., 2016;
Will et al., 2016), heightened activity in emotion and motivation
regions during a risk-taking task (Telzer et al., 2018) and
decreased activity in the medial prefrontal cortex during a
reward anticipation task (Casement et al., 2014). However, no
research to our knowledge has examined how neural activity to
emotional face expressions relates to peer victimization.
In regards to psychological predictors of peer victimization,
the meta-analysis of longitudinal research in adolescents
reviewed above also suggested that ‘social problems’ (defined
as social isolation, peer rejection and conflict with friends),
was a significant predictor of peer victimization, in addition
to conduct problems and internalizing problems (Kljakovic and
Hunt, 2016). In the meta-analysis that included cross-sectional
research on children and adolescents also discussed above, ‘peer
status’ (defined as the quality of peer relationships, including
peer rejection) and social competence were the strongest
predictors of victimization,with better quality peer relationships
and higher social competence predicting decreased peer
victimization (Cook et al., 2010). Research on social information
processing biases has also shown that adolescent victims tend
to be more avoidant in ambiguous social situations, exhibit
hostile attribution bias, exhibit self-blame and negative self-
evaluations and exhibit difficulties with emotion recognition
(Woods et al., 2009; Ziv et al., 2013; van Reemst et al., 2016; Guy
et al., 2017).Moreover, a meta-analysis demonstrated that higher
internalizing problems were both predictors and consequences
of peer victimization (Reijntjes et al., 2010). Thus, behavioral
research suggests that social and emotional problems are one of
the strongest predictors of victimization in adolescents, pointing
to the importance of examining neural activity during emotional
face processing as a correlate of peer victimization.
The present study
The goal of the present study is to address prior gaps in the
literature by examining associations between amygdala activity
during an emotional face matching task and self-reported peer
relational bullying and victimization. We focused specifically
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on relational bullying and victimization (e.g. social exclusion,
spreading rumors) because it is a relatively more common form
of bullying. For example, one study indicated that the 2 month
prevalence of relational bullying/victimization was 51.4%, com-
pared to 20.8% for physical bullying/victimization (Wang et al.,
2009).
Although no research to our knowledge has specifically
examined bullying behavior in relation to amygdala activity
in adolescents, research on the broader construct of antisocial
behavior leads us to predict that either increased amygdala
activity to angry faces, decreased amygdala activity to fearful
faces or a combination of these two patterns of neural
activity will be associated with increased relational bullying
in adolescents. Based on the theoretical frameworks proposed
for antisocial behavior, higher amygdala activity to angry faces
could contribute to the emotion dysregulation, anger problems
and hostile attribution biases associated with bullying, whereas
lower amygdala activity to fearful faces could contribute to the
decreased empathy associated with bullying.
Given that victims also show social information processing
difficulties (e.g. decreased social competence, expectations of
hostility from peers, peer rejection) we expected the neural
correlates of peer victimizationmight be similar to those for bul-
lying. In particular,we expected that increased amygdala activity
to angry faces would be associatedwith victimization, given that
victims expect more hostility from peers (Ziv et al., 2013; Guy
et al., 2017). We did not have strong directional hypotheses for
amygdala activity to fearful faces. On the one hand, given that
victims often have difficulty with processing ambiguous social
situations and exhibit decreased emotion recognition (Woods
et al., 2009), it is possible victimization would be correlated with
decreased amygdala activity to fearful faces. But on the other
hand, given that internalizing problems are also a risk factor for
victimization (Reijntjes et al., 2010; Kljakovic andHunt, 2016), vic-
timization may be associated with increased amygdala activity
to fearful faces, which has often been associated with internal-
izing problems in adolescents (Yang et al., 2010; Hall et al., 2014;
Swartz et al., 2017). Finally, although our region of interest (ROI)
analyses were focused on amygdala activity, we also planned
to conduct exploratory whole-brain regressions to identify any
regions outside of the amygdala in which the processing of
fearful or angry faces is associatedwith bullying or victimization
in adolescents.
Methods
Participants
Participants were recruited from the community for the ongoing
Adolescent Health and Brain Study, which aims to examine
associations between biological and environmental influences
on mental health. Participants were recruited through a variety
of methods including fliers, tables at community events, inter-
net advertisements, mail advertisements and word of mouth.
Inclusion criteria were that participants were between 12 and
15 years old, spoke English and were capable of understanding
all study procedures, providing informed assent and lying still
in the MRI scanner. Exclusion criteria included a diagnosis of
autism spectrum disorder, attention-deficit/hyperactivity disor-
der, schizophrenia or bipolar disorder (based on parent report
of whether the child had ever received one of these diagnoses
from a mental health professional); chronic disease or condi-
tion that could affect cerebral blood flow such as hypertension
or diabetes; use of psychotropic medications such as selective
serotonin reuptake inhibitors; and any contraindications to MRI
scanning (e.g. braces, metal in the body, etc.). All procedures
were approved by the University of California, Davis IRB; parents
provided informed consent and adolescents provided informed
assent before beginning study procedures.
A total of 61 participants underwent fMRI scanning; 2 par-
ticipants ended the scan early, 7 were excluded due to not
meeting quality control criteria (see below in pre-processing
section) and three participants were missing data on the self-
report measures, leaving a total of 49 participants (24 female,
24 male, 1 non-binary) with valid data on both fMRI and self-
report measures. The sample was diverse based on self-reported
race/ethnicity: 4 participants were African American, 2 were
Asian, 4 were Hispanic/Latino, 1 was Pacific Islander, 15 were
White and 23 participants (47% of the sample) identified as
two or more races/ethnicities. Participant characteristics are
reported in Table 1. Therewere five sets of siblings in the sample.
All analyses conducted inMplus controlled for the nested nature
of the data for siblings by using the cluster command to nest
participants within families.
Self-report measures: relational bullying and
victimization
Participants completed all self-report measures on tablets using
Qualtrics survey software. One participant wasmissing data due
to technical difficulties with the tablets and two participants
were excluded from analyses because they skipped four out of
the five questions on the relational peer victimization scale.
Participants completed the relational aggression subscale of the
Peer Experiences Scale (Prinstein et al., 2001), which measures
experiences of relational peer aggression (both as the bully and
the victim). The relational bullying and relational victimization
subscales each included five items assessing the frequency of
different forms of relational bullying or victimization (e.g. being
left out of a conversation or activity) over the past 12 months
on a scale ranging from ‘Never’ (0) to ‘A few times a week’ (4).
Scores on these subscales were totaled and used as the mea-
sures of relational bullying and relational victimization for anal-
yses. The relational bullying subscale, Cronbach’s α =0.69 and
the relational victimization subscale, Cronbach’s α = .80, each
demonstrated adequate internal consistency. These variables
were square-root transformed because they were both positively
skewed. Relational bullying and relational victimization were
significantly correlated (Table 2).
Emotional face matching task
During fMRI scanning, participants completed an emotional face
matching task that has been used in prior research in adoles-
cents (Swartz et al., 2015; Dotterer et al., 2017; Swartz et al., 2017).
In a facematching trial, participants viewed a trio of faces,with a
target face on the top row and two faces on the bottom row. The
participant’s taskwas to select which of the two faces on the bot-
tom rowmatched the target face on the top row by pressing their
index finger for the left face ormiddle finger for the right face on
anMRI-compatible button box. In the version used in the current
study, face matching trials were presented in one run with
blocks of faces that were fearful, angry or happy, and the order
of presentation was counterbalanced across participants. Face
stimuli were taken from the NimStim Set of Facial Expressions
(Tottenham et al., 2009) and included an equal number of male
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Table 1. Participant characteristics
Males Females
Mean SD Mean SD Group difference
Age 13.36 1.04 13.46 1.02 t(47) =−0.34, P=0.739
Relational bullying 1.01 0.83 1.16 0.80 t(47) =−0.63, P=0.533
Relational victimization 1.42 1.02 1.52 0.86 t(47) =−0.40, P=0.690
Mean accuracy (%) 96.4 3.1 98.1 3.0 t(47) =−1.96, P=0.056
Mean RT (ms) 1376.5 314.2 1169.8 246.9 t(47) = 2.55, P=0.014
Note: Relational bullying and relational victimization were square-root transformed due to skew in the distributions. Mean accuracy and RT are reported for the face
matching task (mean behavioral data include face and shape matching trials). For the purposes of testing sex differences and dummy-coding, the participant who
identified as non-binary was coded as male.
Table 2. Bivariate correlations
Age Relational
bullying
Relational
victimization
Amygdala
activity,
angry
Amygdala
activity,
fearful
Mean
accuracy
Mean RT
Age 1
Relational
bullying
0.08 1
Relational
victimization
−0.11 0.43∗∗ 1
Amygdala
activity, angry
−0.13 −0.04 0.17 1
Amygdala
activity, fearful
−0.10 −0.28∗ 0.15 0.20 1
Mean accuracy 0.17 0.10 −0.11 −0.05 −0.33∗ 1
Mean RT −0.03 −0.13 0.20 −0.12 0.22 −0.50∗∗∗ 1
Note: Accuracy and RT are reported for the face matching task and include all face matching and shape matching trials. ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.001.
and female faces, as well as faces of different races (Caucasian,
African American and Asian). Participants viewed two blocks
each of the fearful, angry and happy faces with six trials in each
block presented for 4 s each and a variable interstimulus interval
(ISI) between 2 s and 6 s. For the control condition, shape match-
ing blocks were interleaved between the face matching blocks.
The task was similar, although for these blocks, participants
selected which shape out of two on the bottom row matched a
shape on the top row. Shape stimuli were presented in blocks of
six trials for 4 s each with an ISI of 2 s. Accuracy and response
times for all trials were recorded. Mean accuracy and reaction
time (RT) for the emotional face matching task are reported in
Table 1. Participants completed a short practice version of this
task during a mock scanner session before scanning in order to
ensure their comprehension of the task.
fMRI data acquisition
Scanning took place at the UC Davis Imaging Research Center
on a research-dedicated 3T Siemens TIM Trio MRI system. Data
acquisition included collection of a magnetization-prepared
rapid gradient-echo image, blood-oxygen-level dependent
(BOLD) images during the face matching task and a field map.
Further details regarding acquisition parameters are provided in
the Supplementary Methods.
Pre-processing and quality control criteria
Pre-processing of fMRI data was conducted in SPM12 (update
revision number 6906) (Friston et al., 2007). BOLD images were
realigned to the first volume in the time series to correct for head
motion and the field map was used to unwarp the images. The
mean BOLD image created during realignmentwas co-registered
to the high-resolution anatomical image. The high-resolution
anatomical imagewas then segmented and spatially normalized
into a standard stereotactic space [Montreal Neurological Insti-
tute (MNI) template] using a 12-parameter affine model (final
resolution of functional images=2 mm isotropic voxels). The
warps for the co-registered high-resolution anatomical image
were saved and applied to the BOLD functional images to nor-
malize these intoMNI space. Finally, imageswere smoothedwith
a Gaussian filter, set at 6 mm full-width at half-maximum.
Artifact detection software (http://www.nitrc.org/projects/
artifact_detect) was used to create nuisance regressors for
volumes exhibiting significant mean-volume signal intensity
variation 4 standard deviations above or below the mean signal
of all volumes in the time series and individual volumes where
scan-to-scan movement exceeded 2 mm translation or 2◦
rotation in any direction. Quality control criteria for inclusion
of a participant’s imaging data were <10% volumes exceed
Artifact detection criteria for motion or signal intensity outliers,
≥90% coverage of signal within the anatomically-defined
bilateral amygdala ROI and accuracy ≥75% on the matching task
performed during scanning.A total of 61 participants underwent
fMRI scanning; of these, 2 participants ended the scan early, 2
were excluded for exceeding the Artifact motion criteria, 4 were
excluded for <90% coverage of signal within the amygdala and
1 was excluded for accuracy. Thus, a total of 52 participants met
all quality control criteria for fMRI data; as mentioned above,
3 participants were excluded due to missing data on the self-
report responses, leaving a total of 49 participants available for
analysis.
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Individual level analyses
All analyses were conducted with SPM12 software. For the
individual-levelmodel, boxcar regressorswere used tomodel the
effect of condition (Angry Face blocks, Fearful Face blocks, Happy
Face blocks and Shape blocks) for each individual. Regressors
from the Artifact toolbox (described above) were included in the
model as nuisance covariates. Next, individual contrast images
for effects of each expression (e.g. Angry Faces > Shapes) were
generated at the first level for each participant. These contrast
images were then entered into second-level random effects
models.
Statistical analysis: ROI analyses
To test our hypotheses that amygdala activity to angry and/or
fearful faces would be associated with relational bullying and
victimization, we used an ROI approach to examine associations
between amygdala activity and these measures. The ROI was
defined as the bilateral amygdala from the Automated Anatom-
ical Labeling atlas. We conducted group analyses to examine
the main effect of task for each emotional face expression vs
shape matching control. Using the Wake Forest University Pick-
atlas v2.4 (Maldjian et al., 2003), we identified functional clus-
ters within the left and right amygdala that were activated
to each condition at P<0.05 family-wise error (FWE) small-
volume corrected for the amygdala ROI, with aminimum cluster
threshold of 10 voxels. We then extracted mean contrast values
from these functional clusters and submitted them to further
statistical analyses in Mplus v7.4 software (Muthén andMuthén,
1998–2012). Because left and right amygdala activity to each face
expression was highly correlated (angry faces: r=0.81, P<0.001;
fearful faces: r=0.83, P<0.001), we calculated the mean of activ-
ity between the left and right amygdala for each condition to
reduce the number of comparisons performed.
To test for interactions between amygdala activity to
angry and fearful faces, we centered each predictor (mean
amygdala activity to angry faces and mean amygdala activity
to fearful faces) and then calculated the interaction term
with the centered predictors. We conducted two separate
regressions in Mplus: one in which amygdala activity (main
effects and interaction) predicted relational bullying and one
in which amygdala activity (main effects and interaction)
predicted relational victimization. Regressions were estimated
with maximum likelihood estimation with robust standard
errors (MLR), which provides standard errors robust to non-
normality. We included covariates for age and sex. Significant
interactions were plotted and probed using simple slopes
calculators available online (http://www.jeremydawson.co.uk/
slopes.htm). Simple slopes analyses were conducted to aid in
the interpretation of continuous interaction effects andwere not
further corrected for multiple comparisons. Because there were
six potential effects of interest (the twomain effects of amygdala
activity to fearful and angry faces and their interaction for the
outcomes of bullying and victimization) we used a Benjamini–
Hochberg false discovery rate (FDR) correction (Benjamini and
Hochberg, 1995) to correct for six statistical tests.
Statistical analysis: whole-brain regressions
We also conducted exploratory whole-brain analyses to identify
any other regions throughout the brain related to relational
bullying or victimization. Whole-brain regressions were con-
Figure 1. Main effects of task for Angry Faces>Shapes (A) and Fearful
Faces>Shapes (B). Effects were evaluated with a P< 0.05 FWE small-volume
correction for the bilateral amygdala ROI.
ducted in SPM12 by entering either bullying or victimization as
a predictor of brain activity for the contrasts of Angry Faces >
Shapes and Fearful Faces > Shapes. Age and sex were entered as
covariates. We used AFNI version 19.2.04 (Cox, 1996) 3dClustSim
function to identify a minimum cluster size to achieve a whole-
brain corrected P<0.05 threshold using an uncorrected voxel-
wise P<0.005 threshold (see details in SupplementaryMethods).
Theminimum cluster size for the Angry Faces > Shapes bullying
regression was 390, for the Angry Faces > Shapes victimization
regression was 392, for the Fearful Faces > Shapes bullying
regression was 386 and for the Fearful Faces > Shapes victimiza-
tion regressionwas 371.Since these analyseswere intended to be
exploratory, we did not further correct for multiple comparisons
for these regressions.
Results
Main effects of the emotional face matching task
As expected, the emotional face matching task elicited signifi-
cant activation in the bilateral amygdala for both emotional face
expressions vs the shape matching control (Figure 1). Specifi-
cally, the contrast of Angry Faces > Shapes elicited significant
activity in the left amygdala, t(48) = 6.90, P-corrected<0.001, peak
MNI coordinates: (−20, −6, −18) and in the right amygdala,
t(48) = 7.17, P-corrected<0.001, (22,−4,−18). The contrast of Fear-
ful Faces > Shapes also elicited significant activity in the left
amygdala, t(48) = 5.56, P-corrected<0.001, (−20, −6, −18) and in
the right amygdala, t(48) = 6.59, P-corrected<0.001, (24, −6, −14).
ROI analysis: associations between amygdala activity to
fearful and angry faces and relational bullying and
victimization
Contrast values were extracted from the functional clusters
identified in the amygdala ROI, averaged between the left and
right amygdala and submitted to further statistical analyses in
MPlus. There was a significant interaction between amygdala
activity to angry faces and amygdala activity to fearful faces in
predicting relational bullying, B=−6.02, SE=2.26, standardized
beta=−.30, P=0.008, change r2 =0.08 (Table 3), which survived
FDR correction for multiple comparisons. As shown in Figure 2,
increased amygdala activity to angry faces predicted higher
levels of bullying when amygdala activity to fearful faces was
1 SD below the mean (P=0.034).
There was also a significant interaction between amygdala
activity to angry faces and amygdala activity to fearful faces as a
predictor of relational peer victimization, B=−7.43, SE=2.27,
standardized beta=−.32, P=0.001, change r2 =0.10 (Table 3),
which survived FDR correction for multiple comparisons. As
shown in Figure 3, lower levels of amygdala activity to angry
1032 Social Cognitive and Affective Neuroscience, 2019, Vol. 14, No. 10
Table 3. Results of multiple regressions
B SE Standardized
beta
P-value
Dependent variable: Relational Bullying
Sex 0.06 0.21 0.04 0.773
Age 0.04 0.11 0.05 0.728
Amygdala activity to angry faces 0.05 0.46 0.01 0.915
Amygdala activity to fearful faces −0.85 0.62 −0.19 0.168
Amygdala to angry x amygdala to fearful −6.02 2.26 −0.30 0.008
Dependent variable: Relational Victimization
Sex 0.03 0.26 0.02 0.904
Age −0.08 0.12 −0.09 0.518
Amygdala activity to angry faces 0.50 0.45 0.11 0.260
Amygdala activity to fearful faces 1.05 0.71 0.21 0.139
Amygdala to angry x amygdala to fearful −7.43 2.27 −0.32 0.001
Note: SE= standard error.
Figure 2. Interaction between amygdala activity to angry and fearful faces predicts relational bullying. Results are displayed for a simple slopes analysis for low levels
of amygdala activity to fearful faces (1 SD below the mean) and high levels of amygdala activity to fearful faces (1 SD above the mean) (A) and plotting data points
with a median split for amygdala activity to fearful faces (B). The relational bullying variable was square root-transformed for all analyses. ∗P< 0.05 in simple slopes
analysis.
faces predicted lower victimization when amygdala activity to
fearful faces was 1 SD below the mean (P<0.001).
Whole-brain analysis
For the contrast of Fearful Faces > Shapes, there were no regions
positively associated with relational bullying. However, activity
in the bilateral rostral anterior cingulate cortex (rACC) was
negatively associated with relational bullying, t(45) = 4.28, P-
uncorrected<0.001, cluster size=586 voxels, peak MNI coor-
dinates: (6, 26, −2), as displayed in Figure 4. No effects were
significant in the other whole-brain regressions.
Discussion
The main findings of the present study were that interactions
between amygdala activity to angry and fearful faces were asso-
ciated with relational bullying and relational victimization in a
community-based sample of adolescents. Results indicated that
a combination of high amygdala activity to angry faces and low
amygdala activity to fearful faces was associated with higher
self-reported bullying. For relational victimization, a combina-
tion of low amygdala activity to angry faces and low amygdala
activity to fearful faces predicted lower levels of peer victimiza-
tion. Finally, results of the exploratory whole-brain regressions
indicated that higher rACC activity to fearful faces was associ-
ated with lower relational bullying.
The results for relational bullying are consistent with prior
research finding that both increased amygdala activity to angry
faces and decreased amygdala activity to fearful faces is asso-
ciated with antisocial behavior. This suggests that results from
clinical samples may extend dimensionally into milder forms
of aggressive behavior such as relational bullying. This also
extends prior research by showing that both of these patterns
of amygdala activity can interact to predict bullying behavior.
Although we did not collect measures on potential mediators
that could explain this association, we speculate here about
potential pathways that could be tested in future research. Con-
sistent with interpretations from antisocial behavior research,
increased amygdala activity to angry facesmay relate to bullying
because it may contribute to a hostile attribution bias in which
adolescents with this pattern of amygdala activity interpret
peers in ambiguous social situations as intentionally hostile.
Another related possibility is that increased amygdala activity
to angry faces may overwhelm the ability to regulate emotions
in emotionally charged situations, leading to more relational
conflict. Likewise, decreased amygdala activity to fearful faces
may relate to decreased ability to perceive or process others’ dis-
tress and could lead to reduced empathy or perspective-taking,
which may be an important protective factor against relational
bullying. Relatedly, decreased amygdala activity to fearful faces
is associated with callous–unemotional traits (Marsh et al., 2008;
Jones et al., 2009; Viding et al., 2012b), which are predictors of
bullying behavior (Viding et al., 2009; Fanti and Kimonis, 2012).
For relational victimization, a combination of low amygdala
activity to angry faces and low amygdala activity to fearful faces
predicted lower levels of relational victimization. In other words,
either higher amygdala activity to angry faces and/or higher
amygdala activity to fearful faceswas associatedwith higher lev-
els of peer victimization. This could potentially indicatemultiple
pathways to victimization. Higher amygdala activity to angry
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Figure 3. Interaction between amygdala activity to angry and fearful faces predicts relational victimization. Results are displayed for a simple slopes analysis for low
levels of amygdala activity to fearful faces (1 SD below the mean) and high levels of amygdala activity to fearful faces (1 SD above the mean) (A) and plotting data points
with a median split for amygdala activity to fearful faces (B). The relational victimization variable was square root-transformed for all analyses. ∗∗∗P<0.001 in simple
slopes analysis.
Figure 4. rACC activity to fearful faces is negatively associated with relational
bullying. Results are displayed at P< 0.005 uncorrected voxelwise with a mini-
mum cluster extent threshold of 386 voxels. (A) demonstrates activity in sagittal
view and (B) demonstrates activity in axial view.
and fearful faces has been associated with higher internalizing
symptoms in adolescents (Yang et al., 2010; Hall et al., 2014;
Swartz et al., 2017), suggesting that adolescents with height-
ened activity to both facial expressions or either threatening
facial expressionmay exhibit an internalizing pathway in which
heightened amygdala activity to threatening faces is related to
increased social avoidance, leading to increased peer rejection
and victimization. Another possibility is that adolescents with
higher amygdala activity to angry faces (but lower amygdala
activity to fearful faces) could experience victimization through
a bully-victim pathway since bullying often co-occurs with vic-
timization. In sum, adolescents who displayed lower levels of
amygdala activity to angry faces and lower levels of amygdala
activity to fearful faces reported the lowest levels of peer victim-
ization,whereas higher amygdala activity to fearful and/or angry
faces predicted higher peer victimization. Proposed mediators
on both the bullying and victimization pathways will need to be
tested in future research that directly measures these.
Results of the exploratory whole-brain regressions also
revealed an additional region, the rACC, in which increased
activity to fearful faces related to decreased bullying. The rACC
is functionally connected with the amygdala and is involved in
processing emotional stimuli, and some frameworks suggest it
plays a specific role in regulating responses to emotional stimuli
and resolving emotional conflict (Etkin et al., 2011). It is possible
that rACC activity during this task reflects an implicit form
of emotion regulation associated with performing the goal-
directed matching task with emotional stimuli. Alternatively,
since the ACC is broadly involved in integration of social and
emotional information (Lavin et al., 2013), this activity could
reflect further processing of signals of others’ distress, which
may relate to decreased bullying through similar mediators as
amygdala activity to fearful faces, such as empathy. Since this
is an exploratory whole-brain analysis and this task was not
designed to measure emotion regulation or empathy explicitly,
these potential explanations are speculative and will need to be
tested in future research.
This study should be interpreted with respect to several
limitations. First, the sample size was relatively small, and so
results should be considered preliminary until replicated in a
larger sample. Second, as described above, although we have
suggested potential mediators that may explain the observed
effects, many of these (e.g. hostile attribution bias, empathy)
were not measured in the current data set. Thus, these proposed
mediating pathways will need to be tested in future research in
which these variables are measured. Third, the NimStim Set of
Facial Expressions used in the face task includes actors who are
21–30 years old (Tottenham et al., 2009) and thus older than ado-
lescents’ peers. It is unclear whether similar patterns of neural
activity would be observed when using same-aged peer faces as
stimuli for the face task. This will be an important direction for
future research. Fourth, due to the small sample size, we were
not able to test for additionalmoderators of these effects, such as
sex (although sex was controlled for as a covariate in analyses).
Fifth, this was a cross-sectional study and so the direction of
effects is unclear. It is possible that these patterns of amygdala
activity led to bullying or victimization, or resulted from bullying
or victimization, or that they have bi-directional effects on each
other over time. This will be an important question to address
in future longitudinal research. Sixth, although the blocked fMRI
paradigm had the advantage ofmaximizing signal-to-noise ratio
and our statistical power to detect amygdala activity, blocked
paradigms can be more predictable for participants than an
event-related design, andwewere unable to control for potential
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covariates at the individual trial level such as accuracy and RT.
And finally, because this was a community-based sample of
adolescents and was not recruited specifically based on bullying
or peer victimization and excluded for certain forms of psy-
chopathology thatmight be related to bullying and victimization
such as attention-deficit/hyperactivity disorder, rates of each of
these experiences were relatively low in the sample. It is unclear
if these results would generalize tomore extreme forms of bully-
ing, other forms of bullying (e.g. physical, verbal or cyberbullying)
or other forms of antisocial behavior.
In sum, these results indicate that bullying and victimization
in adolescents are related to different combinations of amygdala
activity to angry and fearful faces. Further research is needed
to test the psychological mediators of these effects. If these
effects are replicated and extended to longitudinal research in
the future, they will help to elucidate how biased patterns of
social and emotional processing may increase risk for bullying
and victimization in adolescents and could lead tomore tailored
intervention approaches.
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